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(54) NEGATIVE ELECTRODE MATERIAL FOR NONAQUEOUS ELECTROLYTE SECONDARY CELL AND 
ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a negative electrode 
material for lithium-ion secondary cell to be able to show 90% or c 
more of the initial discharging capacity after 400 cycles, with a 
discharging capacity much higher and the cycle life remarkably 
more improved than a negative material made up of a conventional 
carbon material. 

SOLUTION: A negative material is mainly provided with Li storage 
phase a (e.g. Si phase) and an intermetallic compound between its 
element and another element b, or phase p made up of a solid 
solution. A hot solution of raw material selected so as p to become 
the first crystal when coagulation occurs and later a and p are 
precipitated as a eutectic crystal, is quenched and coagulated by 
an atomized method, a roll quenching method or the like, which is a * 
structure or a heat-treatment structure filling a gap of the first 
crystal of particulate and/or columnar of p with a laminated 
organization of a and p. 
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[0050 ]? ^BjCDftSW^ifi^-ett^ a 

umttx-ftzfr. mmfrx-hzfr, tfeffl-ciiMWfco 
ft^r*}*). &^©a*L-i**&tSK:&iBre#s. a 

Li#al*J**£ttrei*. Li©iKi3r J&SttfJ^c#l<M*^SP©a-C' 
iS3^:-^;fcf!MS^{b^>. ^ft< £&SP#lft{C«a*£fc-o 
r^gP^aif€>C<!:*i-C#4©-C, i6(C26£-f £|*9gi5j£ 

J: 3 (C (3 *Hi £ ^ £* Li^tt©^ i ft 6ft l,*©^ ±fo 
#s at i laJfiHcSSK: a IB* L1#*£l&-C # -S . 

/jN$<ftS = 
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[0 05 1 ] C5LtLi©eR® • SfcHJB#fc: j 8#§WSF*3 
8Plc>:*J#/hi*<ft<^ <3tttMi*SC3-r«:. <*©#«} 

^btcst-r zmms^z+frteftm-? s c i #r t s «t 

^tcft£„ -e©M^, a©WS£{b*S/3fc:J;*}+#{<:|6j 
a-f /3©Sm(c±4^SfW©»t»{b*iffli§iJ$ 

[0 05 2] atfflJII-Cifc&t. a«:Jgb-Ci8*5?¥&G 

f#6ftft<,>. t©j: 5 ft«a&<t ft a4©si- 

10 Ni-7ClS©tfc1i0riftBg-r4„ ffl*.\t. Ni-54%Si©ffl 
fiX©^^*<^*Pf-Si, ffitBJUSK (^31150-1200 

•c) tcmLtdftK.* av&2>smoy&vm,&V)M,±b-c 
mm-rz. u&i>mTL~cmtm&& 093 "c> jcji-r 

■Si. SBJKlSKJ: 9 /3©NiSi, *SRja©Sii&*'aH-r 
Kft<ft£$^ll5Ic:>#i£ac9. SiiNiSi, ©2fB¥ 

MKsrcsBtfsrr-rs. c©*§£. a©si&©^ra* 

^©NiSi, tB^afe/c^iftS. L*>L. ft^Afflr 
H^PISI t ft 0 . ^SlS^^tCi^T L ft ^ 

20 {C?gfB©Stt*i{£TL/. 966 •CtCgt-/cB#.5-CNiSi<hNi 

si,ct»fhfe<3) ©ft*Si£»»iBcs. c©«^(c». 

aOSi^^/SONiSi, tBTtSS^n/c^S^ i. C© 
MS«£^-©^**&4NiSi/NiSi 2 ©^ai^f>ft4 
iKi^*^-pm©M*4^to£-rS. a©SitBW(3-C^(C 

'Sffl3*irateUfc;iatKii£ft9> affiic^ffiu-cuft 

[0053] Bl iC7KL//cSi-Car7cl^-C^. Si#Wfi 
*5si/Co5i, (62.1%) JcO^Kft^i. tflU 

«ar*^sitB<tfts. jaa*s®Tb. 1259'ctc^rs 

fi@2(b) tc^bfcOilSJ^-C^-S^. {aUMSb/ciB 
«©fB^i8 (CoSii +B) -CttAj:< a (SitB) -C*-S. IP 

gSfctttttRS*J&£LTl>ftt,>. C©JS^K»> 

i L r HI L, fc&tt * fctit^K© a ©f*9^{ b* /3 *J+ 

^fcjpim-rsct^^^ftt^c*. ■9"'f^JU*^rK<gT 

flU. Li!R^tB-C*2,a©g^^i§< ft^fcto. 
J&m^fi«ift<ft4. 
[0 0 5 4] C©J:5CtiZJ B i.#a-e. a^MSll/fcfB* 
40 JgfiSl/-CUS<!:. a©ft^^b©fS)m*S^+»<tftfp. 
1M ^;U*^©3J(#^*+^(Cff S CiBt?*fel». 
*%W©M@t*if4©iHSSK. ai|3*^iMf). £© 

ii>ft < i fc-SP^^i Lrmm b-ce«*i<i;o'/*fc 

«tt«Bl*^0. C©<3©J§H©d>ft< it— SPtCa 

*i. &£<Dmwim> mnrmmm* iMtmmm.m 
iL-r??ft-r-5. 7c^-r*nti. c©cfc^ftffi 
»*^4iiflttm*»»6*i6fflia«iB*JKfei©tt»ia 

50 ©^b*iCo-C*^j©^. si K.7jk-rtmmtrj:z>. c 



n 

(DWSmK-to^s Siffi (a) £, Cft<t*g£r0J?ST 

^H,£(Si 62.12*) <£9Si*>^fr<, *vo/3<7XoSi, (S 
i 49%) <fc9Si#2H>*&l3E, BP^, Si : J&49^62. lwt% 

jfircsi/GoSl, 00H«O«S^*fffiL, ^swccse^fc 
[0 0 5 5] — «CCC©«Hrtrsi**«*«^liK<»:ft 
&o Si#WM<7)$f3: L^ffifflte 50^62%^* So Si^T 10 

[0 05 6 ] si-a>— tu^-cw:, auc^TJ:^cc, a 

CoSi, "C*Sj&^ a^ffi©7C*<D««&cJ:-3TW:, /SB 

[0 05 7 ] a4Cc^L/cSi-Ni— 7C*«f*<D»&K: 
14, flJBttsi-C, ®JIJ5l£~CNiSi, HtJBfiWft**. Si 20 

[OOSSjJi^L/cct^ CC-7C*«JB«0*JMftft* 

©fl©±»*fctt— Lrwar Set Steffi 30 

ffi*SEM©J:5tt#a^WlfL. StBSrEPMA (X 
PUTT^jy-) , EDX cx*rt,^~#tfc§9 

[0 05 9 ] *«l8CDfi«tmtc*$i>r, ±S«cLiKiK 
COj:9tt7cSR®0V£l/Ta % C, Si, Ge, Sn, Pb, 



WI2 0 0 1-297 75 7 
12 

[0 06 0] atiu4^«W«:fbd-IWW'*ct#-c 

^cijgirfc^ H8(cj:0*Oa!©Li»aai^# 
[006 1] #flWC0JI«*W*ri*a«:»0TJWD« 

tt~~i58(7GJRfr 65Stf n/c a filfl-© 1 fcLh©7E* b Cffe 
[ 0 0 6 2 ] & « a *flteJST 5 1 fcLhflWc* a £ffe<D7G 

^b • *Hi6S#fcfccor*o-CfeJ:ii. 

[0 06 3] 5*#j«'r4f6<07E*b*^c«^r* : 
2i^CIIAR) 7C^* Be, Ma Ca, Sr, Ba Ra : 
M&tuM : Sc. Ti, V, Cr, Mn, Fe, Ca Ni, Zn, Y, 
Zr, Nb % Mo, Tc, Ru, Rh, Pd, Aq, Cd, F 
CLa, Ce, Pr, Nd RtK Sm, Eu, Gd Tb, Dy, Ho, Er, T 
m, Yb, Lu) , Hf, Ta, W, Re, Os, Ir, Pr, Au, Hq, 
7*^YF (Ac, Th, Pa, U, iv^, Pu Am, On, Bk. 
Cf, Es. Fm, Md, No, Lr) I 
13m (IIIB^) Ttm : B, Al, Ga, In, Tl ; 
l4j^(IVBjK) 7U^: C, Si, Ge, Sn, Pb ; 
CVBjK) : Po 

[0 0 6 4] ±K5c«©9fe»*U^a:. 2^7C^r 
BBe, Mq;j^^7U^rB, Ti, V, Cr, Mn, Fe, Co, N 
i, zn, *J:tf*±»7aR rt*«CNrfSF©^>*y-< F) 

;i3SSOT*t?BB. AT ; i4S5«5cSR"CttC k Si, Ge, S 
n, Pb; i5J5OT3Rr«Pr*4o Niter, KraL/cJ:^ 

^■TSTclSi l/T&fflT sc £^r*s a 
[0 0 6 5] ±J6Lfc«HI«rWf WS» 

L/c^fS$I«O^IftilW^, fciPSglOO °C/sec«±(D 



(8) 

13 

tmn • stmB#cr> a cr>#st^b# # k <t 9 »«w«cw« 
s ti . u# is * mm-t s b$© <s ©rtaMfcw&fe&vh 
s<< ^Awosaw*** 1 ** < ft*, &ip»a 

#100 , C/secJ:t)aiC»i. ffl***tt*Kfc*;fc«t>. a© 

HSfi©1£T«: K £ ^ £*& t, ». 
[0 06 6 ] C ©J: 5 ttft»«H JW3I«tt*H*a<!: ^ 10 

x^&^tf) . cmo-^M^m. ma-* 

[0 06 7 ] flrifiLfc J: 5 tc» CB^n&lc «t 

m-c\tnmmtv u- t> . %>m* 1 *i*ncec 

[0 06 8 ] #**JB»-;fc*i6©fl*B. &i£f * «fc 
L-r. !&5fc{bU ^@M*4iU-Cffi^-5„ *&*©&&(* 30 

&cc*iJK3n5&©T:«ftt,>#. o.i 
~50Mm©85B#$f£b< . Jr9j!?$0<B o.5~35y 

[0 06 9 ] *ftW0*&tittH:. 8II£<,>tt«H ■ *& 
-C£>-S.„ 

[007 0] C QftffilPStC. a 1 0 tV&MMM&gi 40 
U ^S#a©ffl*{t££Dftl>|5fi9. &®ffif£©ft 

sEM^-c^K*ijgu-c#?.. minm*m-ci!b-?-c 

fc. aj&iftfeiftifffl (f^lttei^B Mm«T) ©fBH 
[0 07 1 ] C©B#©^aMS^TIf'S<t. *&At& 
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<®T-r5. fi^-t. f^s*©c©j:^ftffi^©^fc 
£B$ ayeii&aa. ^@»^©siti«tasj: ^ 

uoo •C«±ffit»fflflt »*Ktt2<x> , C6l±<Sl>Sg. 

i-r-s. sfeMaBfr B iwo.5--48^pa©iiH* s »* l, < . 
[0072] *^©m«w4*>6, «*.«. 'Xtzmm 

-«Kt5. C©X^';-4iESi^?g> MS«T«fSft£ 
«5j»l/fca. a-;ujE^-CEESfb3-t±. 

[0 0 7 3 ] M^MiL/Ttt. PVDF W)7v\t*Z-V 
. Fi*ft (^'jy U- h) . ptfe (j}< 

-a*. ite^SiKciED-c^ hMPCN-^^jufD f>) . dm 

[0 074] ^if&t 0TB. CPU, 

v>7, I^S) teJ:^BI (R Ni) ©^-rn^ffiffl 

•€-©gra(CLi^+>4KjS^sci*i-cts©-c. 
t^fciin^-r, *s©§a(cfeff#-rsc4*s-c*#. *fc 

[0 075] ft@(C^M^*lB^T^.tS^. *^?l© 

nmmittio x 5 ©a%feLh. 8o»»%Ji(T©s-e^ 

*i@^?.i*@©Sfi^<£T-rSo <fc>5»*lX>ffi£fi 
[0 07 6] C©fS4ffll»T, #4c«»Str%«lft« 

[0 07 7] **«WtU*«»B. S#fll&<J: U, 

ffe©iE& -fe^-u-^-. ^ft?M«cot,ir«^{c 
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[0 07 8] ')*QM>-<*>-Wmi:~?ZW&> iES 
». Li^»»^ffc^«E«HS*rtt 

Li^BrjB£#ISMfc^©0i». LiM,.,M', 0, 
SfciJ LifcUM', Q. (5S4 1 . O^X, Ygl. M iM'B 
-ffl-^JaBcU Co, hh\ HAi, Cr, Ti. V. Fe. Zn. Al. I 

n, sn, sc. Y©4>& < t i> l «) -CmZtiZltStirc 
3bZ>. flu &&&m*)i'^y>it® ; rti-W 1*941 

«J ; **W«tt*«*flIt »fc#»3S# ^ - ; * ^ u 

[0079] *)*+)2±4* > - *«6<W1»»». — fiS 

Slllt*5. 'if'JASiUTtt, 09*«. LiCl 
0,. LiBF, „ LiPF, , LiAsF,, LiB(QHs ) . LiCF,S0, s 
LiCHaSO,, LiCCF 3 Sa)iN, LiQ F, SQj . LiCCF.SQ,), , 
LiCl, LiBr\ L1I*#WnS*l. l«fcL<tt2«SU: 

Z&mirzztwzz. 20 
[008 0 ]*ii!liL/tB, ^aei/>*-^- 
K x^ b K x*;W*.»V#-sK*- 

ii^T-.V -i )\>%—ts.E<D 30 

[0 08 2 ] 

[StifeW gmw i )« i tc^-r^©^****©^ 

[0 08 3] mm&tfiomwzbrWfflm.'p -cmmmmm 
# > -< ? (DmflHcmitcMJizm Lxrmm 

iSWl/, C.©&iWiffi{tKIBDAr:tf;*£ifi&br. 
8J3fc{btfc„ ftiPilgtt. I^D*fF-e^3#/cA1-4 40 

ltf-lO 5 *C/sec-C*D. 100 'C/secJ: 9 +#CtjIt,> 

[0 084] nhtitcnmun<Dm^<omm<D sem 

(^2Sm^£»^) KJiSWUtftWOEPMAtCj: 

i jc^-r. 

[0 08 5] ft«tttfe*SWSfc«>. &ft«*t*4©» 50 
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3fc£63ym©trT?$MROT&fc. ¥£D&S30Mm©$&;£ 

tc. ee*©^*W c5tt»t»^*yv7*-x<b. ^ 

{b. 43£tfMIS<bL.-C^c. ±K&RI£¥*MftS©JIM& 
[0 08 6] ftWfcfHKr SfcS>. fl«s#W©»*{c«S 

%, ffi8l<oK-jt?-)\>\zu>) F>%^i:<ioafi%. *g 
m*ttL-r©^*t cr-fe^w>^7^^) ©t&*£in 

C<ioHa%©fi-Cj]DA 1 SiU^-)5:X7';--iO 

fc„ c©^5 v-?r30Mm©©mi?a3{S^^u. ie« 

3H±. P-;HE5iurE^{b$-tffc^. iSSu mm ©* 

ffl^/c. mm±<Dnwmim<DmM*miao um-e$>-? 

[008 7] ±8aftffi©#ffiT?©tt#B«r. *tS. 
ttLi#JIS£fflUfc. l>fo«>S3ffiSCH2.>l'*flil>TiFffil, 

>©1 : 1 jg£$g*84HC. 38#mJBft©LiPF s £lM?g 

flErjsws-ttfciS«««rai/fc. siis«25-c-c^f^. y 
a--7"*'^ ^©J^ic^Ritt^Bafciitm^SSSg 

[008 8] 3tfifc1S*fl= : 
CD SS25*C 

(2) %M V10C-COV (vs #fi§Si) *T 
mW, 1/10CT2V (vs #BS@) *-c 
0(tm-ttm) ZlV-lttfrtb. 11400-9--^*^. 
[008 9] i ■y-'f ^^a©stmss?:ffi'J5cL-r. €■© 

ftSWf44fflC^c^©Scm§fi<tb. 400 D--<i?M& 

SSi(f^^=(400t^^g©ScS^fi) /Q*mE<DlttM 
Sft) X 100(50 

c 5 ur^fc55tm^fii^sffij#*©M*fc* i fc- 

[ 0 0 9 0 ] $k 1 ©M« (a©ff2SS) ©ffitcfc^r, 

©sufc^isu fie o r a©— gp^e^ffitcstBur 
^«ttti 1/ tffffl l r t> S ffl^-c* c i *^B*-r * . 

&«-c*rmo. si»)»)itt©*Siia«i*K:??ffirs«jss 

[009 1 1S1 ©No.l©Co- 58S-i^#$;fc©»rffi 3 ^ 
dttWf K*H 5 Ca) ICtf-T. C©^K-CM< 11**35 
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[0 09 2 ] a lCDa<D«l&C*5l^r, Tsi, Snj 

a/ctt rsi, AU <L*5cr>tt, rsiffliSntB (S/cttAl 

ffiD <d^#j 4Iftl-^ 0 > rsi-pj *fc» rsi-c 
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*£. Bllft, Tsi-P (*fcttGe)H«#tl£fctt@*# 
[0 09 3] £fc v * 1 ©/3CD«Htt, H5E3R«±©fi« 

[0 094] 



*10 



not 


#B. W 






a 
P 


195 
S 


(ntfi/cc) 


40) W* 

m go 


til 3? 




Co-S6St 




SI 


CoSii 




1196 


94 




2 


Co-62Si 




Si 


CoSi i 


p 


1620 


92 




* 


fn-fiftSf 




Si 


CoSii 




2003 


20 






v-fin<ii 1 


♦KB. 


Si 


VSit 




1012 


94 




e 




Wi 


SI 


TiSti 


A 
p 


(023 


94 




a 
o 


■1 awl 




Si 


Hist]-. 


p 


502 


97 




1 






Si 


i^r ji i 


A 
P 


1050 


94 




8 


W-30Si 


AS 


Si 


WSii 


B 


498 


97 




9 


Fe-60Si 


AS 


Si 


FeSis 


$ 


1181 


94 




10 


Mg-52SI 


AS 


Si 


HB-Si 


B 


1000 


93 




U 


Nd-35St-aBB 


AS 


Si 


NdSi. ^ 


B 


880 


93 




12 


Ni-54S[ 


tttt 


St 


NiSt.f 
IfiSt 


a 


890 


46 


wm 


IS 


Cu-2iSi 




Si 


OuSi. 


a 


724 


55 


JfcRW 


14 


Co-56Si-lSn 


AS 


51. Sn 


GoSft 


a 


988 


94 




15 


Ti-58SMAl 
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93 




23 


Be-13Si 


AS 


Si 


Be' 1 


a 


862 


94 




24 


Ni-53Si-lAl 
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im l> «*tTv Ha 1 tt. Co : 4art%, Si : tt*t%<D&&%2ct. 



<fe^ 0 400 *-f^^a©««H«*tt, ft3Rtf©70« 



[0 09 5] (|H»W2)Q>42%-Si58%©raCfflJ^fl 

[0 09 6] 

ijitt — : 10 3 —10 s e C /sec 

: 10 2 °C/sec 

50 : 30 °C/sec 
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mvi-^i^ieJzvsmmcamnt^Rm^w *»«©**« i (.Ar*jz.Th-7jz&m<Dmmt-m 

JRI/-C. <,>7m&¥*^&*^30wm©!&;fc<!:L/c. f# [0 0 9 7] 

enfcif&*t»;©m@«^co(,»r . i&m i &isa*tc s c« 2 ] 



fflfS : Co-58Si 
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(SitBOO^J^flfiSCi^iOO urn) % ^J^ttS*j30// m 

Ofc©©, SitgcDfta^fktC^t-r^iQ (CoSi, ffl) Kcfc 20 
[0 09 8 ] C*l«:*tU IW^/x 

NteJBJSU a(OM<om» (?§Wl&S) ©¥«iB, 
0.1-2 amis, I§[IE»ffiffir» 0.l-3/im?M 
5Ci#t* ft:. 

$a/£:Co-58Si 



■ $^PlUK9X«. 135(b) fcSVr. aoB<W4 

[0100] (?|S6M3)Ar^XT h V-YXjSrSJ^L/c 
glSfeC^l <DNo.l(Dfi@«»4 (Q>42%-Si58%)*, 7 )\> 

ft*, *3fc*5^r. rfiWMfittfbj « CSi) CD 

[0 1 0 1 ] 
[SES] 
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[0102] ^Mffliaa*5 oti^ias-ioo 'o «k 0 

[0103] 
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[0 1 ] Si-Cod7c^t^^5r7nT. 

[i2] 0 2(a) «/3 3!H&«t7J^<bU-CWffiL.^B$*.-C* 



12 001-297757 
22 

■omu^rm^m. 02(w~(co ^sisaw-c 

[03] a&ftiktLXmZLtcmW.-ClfimLtLlimZ 

[04] Si-Nwc^tflitE^m-r. 

[05] 135(a) *$<fctf(b) IZZfr^ixtftWlCfaZn 
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[125] 



(a) 





^KM^^f^BT 1 4 

(72)^^ uj* tea 

C72)&f£:# /W£« S?£ 

&mmm.mitimmm i ^ 



C72)^l^ 

ftJ£M/S«7fr£3IBr 1 # 8 # fl£g#)SX 
C72)j£BJl:g SrBB 

*irafiFPi3Wj**n*Mo«» fens 



A (##) 5H029 A J 03 ADOS AK03 ALU AM03 
AM04 AMOS AM07 C302 C328 
DJ17 HJ13 HJ14 
5H050 AA07 AA08 BA17 CA08 CB11 
EA24 GAOO GA02 GA17 HA14 
HA20 



